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Introdudion
Cigarette smoking has been impli-

cated as a risk factor for ectopic
pregnancyl-5 and tubal infertility.6 One
way in which smoking may affect both of
these outcomes is by increasing a wom-
an's risk for pelvic inflammatory disease
(PID), a severe upper genital tract infec-
tion that may result in scarring and ob-
struction of the fallopian tubes. Although
one study7 found an increased risk for
smokers, the relationship between smok-
ing and PID has yet to be fully examined.
We evaluated this association in a popu-
lation-based series of cases and controls
from the Group Health Cooperative of
Puget Sound.

Metwds
The case patients consisted of

women aged 18 to 40 years who experi-
enced their first episode of acute PID be-
tween September 1984 and November
1985. The Group Health Cooperative au-
tomated hospital information system was
used to select inpatients who had received
a primary discharge diagnosis of acute

* g. PID or salpingitis. The automated phar-
macy database was used to select poten-
tial ambulatory care PID cases. Medical
records of women who were prescribed
either doxycycline or a high-dose regimen
of tetracycline8 were reviewed for a diag-
nosis of PID. All medical records were
reviewed for the presence of three clinical
inclusion criteria: abdominal pain of 1
month's duration or less, cervical motion
or uterine tenderness, and adnexal tender-
ness. Patients were included only if all
three symptoms and signs were noted.

The control patients were part of a
control group for a concurrent population-
based study of ectopic pregnancy con-

ducted at Group Health Cooperative.
These women were selected randomly
from the enrollment files. Control patients
with reference dates (dates assigned to ap-
proximate the date of conception of the
assigned case) between January 1984 and
August 1986 were selected randomly from
the enrollment files and matched to the
women with ectopic pregnancies on age
and county of residence.

The following inclusion criteria were
applied to all potential research subjects:
resident of King County; no prior history
of PID; sexually active within the preced-
ing year; no prior hysterectomy or bilat-
eral salpingo-oophorectomy; not preg-
nant; no pelvic surgery or uterine
instrumentation within the preceding 6
weeks; no vasectomized partner at refer-
ence date.

An in-person interview was used to
collect information on cigarette smoking
status at diagnosis/reference date, dura-
tion and amount smoked, and, for former
smokers, length of time since quitting.
Similar information was obtained on re-
spondents' partners where applicable.

Unconditional logistic regression9
was used to assess the role of smoking as
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a risk factor while controlling for the con-
founding effects of age, race, gravidity,
and number of sexual partners in the year
prior to reference date. Risk estimates of
smoking in relation to PID were not sub-
stantially altered when income, educa-
tion, marital status, presence and type of
contraception at reference date, and re-
cent douching were added to the model.

Resumts
We interviewed 131 (72.4%) of the

181 case patients identified as eligible.
Twelve percent of the 131 were hospital-
ized. Of the 428 women identified as po-
tential controls, 314 (73.4%) were inter-
viewed. We excluded 20 control patients
with a history of PID.

Case patients were more likely to be
younger, to have lower incomes and less
education, to be non-White, to have been
previously pregnant, and to have had
more than one sex partner in the previous
year (Table 1). They were less likely to be
married at reference date.

More case patients (43.5%) than con-
trol patients (25.6%) were current smok-
ers (Table 2). Current smokers experi-
enced a twofold increase in risk (adjusted
odds ratio [OR] = 2.1, 95% confidence in-
terval (CI) = 1.3, 3.6) compared with
never smokers. Women who smoked an
average of 10 or more cigarettes per day
were at higher risk than thosewho smoked
less (OR = 2.4, 95% CI = 1.4, 4.2 vs
OR = 1.2, 95% CI = 0.5, 3.0). The risks
associated with current smoking were
consistently higher among women with
two or more recent sexual partners (Table
3). The percentage of current smokers did
not differ between partners of case and
partners ofcontrol patients (35% and 30%o,
respectively).

Diwussion
Althoughwewere able to represent a

broader spectrum of disease by including
outpatients and were able to use a popu-
lation-based series of control patients, our
data have certain limitations. Diagnostic
misclassification was unavoidable be-
cause laparoscopic confirmation was not
done in the majority of cases. Also, we
could not obtain complete microbiological
data, which prevented us from examining
how types of infection might modify the
association with smoking.

Since many of the variables associ-
ated with increased risk of PID are also
associated with smoking,'0.11 the possibil-
ity remains that smoking is a marker for
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lifestyle attnbutes inadequately adjusted
for in the analysis. Several factors argue
against this possibility. First, although life-
style maybe crudely assessed in the avail-
able variables, the proportion of women
who were current smokers was higher for
cases than for controls in virtually all cat-
egories ofeachvariable (Table 1). Second,

the risk of PID was elevated only among
current smokers, which is consistent with
expectations for an acute infectious pro-
cess; among current smokers, moreover,
risk increased with increasing amount
smoked and with increasing potential for
exposure to a variety of infecting orga-
nisms (more than one recent sex partner).
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Finally, we noted that the current smoking
patterns ofrespondents' partnerswere un-
related to respondents' risk.

There are a number ofplausible ways
in which smoking may increase the risk of
PID. The effect of nicotine on tubal ciliary
function and ovum transport has been
documented,12 and the same impaired cil-
iary wave action that can fail to move the
ovum toward implantation in the uterus
may result in an inability to effectively re-
pel ascending infectious organisms.

Studies have also provided evidence
that smoking impairs the immune
response.13-19A recent examination ofthe
effect of cigarette smoking specifically on
local cervical immunity found that current
smokers had a decrease in the concentra-
tion of Langerhans' cells in the cervical
epithelium.20 Because these cells help de-
tect and present antigens to circulating
T-lymphocytes, a decrease could affect
susceptibility to PID pathogens.

The only other study to assess this
relationship used hospital-based data from
the Women's Health Study7; the OR for
current smokers compared to never
smokers was 1.7. Our findings agree with
findings from studies of PID sequelae, as
well.1-6 An association between smoking
and urethritis in men, which is caused by
many of the same organisms that cause
PIfD,21 has also been reported.22

More information is needed about
modifiable noninfectious factors that may
be associated with the acquisition or
spread of cervical infection. This popula-
tion-based study describes an association
between one such factor-current smok-
ing-and acute PID. We provide evidence
that uncontrolled confounding is not the
source of these findings and show that
there is reason to believe that smoking it-
self may be acting to increase the risk of
acute PID. a
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